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(54) CERAMIC TOOL FOR CUTTING VERY HARD MATERIAL 

(57)Abstract: 

PURPOSE: To improve the abrasion resistance against a very hard material when the material is cut and worked at high speed, 
and to restrict peeling of a coating film by specifying the average particle size of the composition particle of a ceramic main 
body, and by specifying the thickness of the coating film. 

CONSTITUTION: A ceramic tool comprises a sintered body, for which a sintered material and a sintering assistant are mixed 
together and sintered, and at least one layer coating film to be formed on the surface of the sintered body. The average particle 
size of the overall composition forming the sintered body is no more than lμm, and the sintered material comprises 
90-50wt.% of powder of A1203 composition and 10-50wt.% of at least one type of powder of carbide, nitride or carbonitride of 
elements belonging to IVa, Va, and Via groups, where the overall amount is considered to be 100wt.%. The amount of the 
sintering assistant is 0.2-5.0wt.% to 100wt.% of sintered material, while the coating film comprises carbide, nitride, carbonitride 
of elements belonging to IVa, Va, Via groups. A1203 or AlON, and each layer is no more than 2μm in thickness, and the 
entire thickness is 0.2-20μm. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is excellent in abrasion resistance, a mechanical strength, etc., and relates to the ceramic 
tool which can be used for high-speed-cutting processing of high degree-of-hardness material, such as a carburization hardened 
steel, a die steel, and tool steel. 
[0002] 

[Description of the Prior Art] Although the grinding process of the high degree-of-hardness material, such as a carburization 
hardened steel, a die steel, and tool steel, has been conventionally carried out by the grinding stone, in order that it may raise 
processing efficiency and may process it more at high speed, shift is achieved to cutting by a ceramic tool or CBN tools, such as 
an alumina-titanium-carbide system. However, an alumina-titanium-carbide system ceramic tool has a short life, and it cannot 
respond to improvement in the speed of cutting a top lacking in reliability, but, recently, a CBN tool is used in many cases. 
However, although a CBN tool is excellent in cutting-ability ability, it is very expensive, and is cheap among users, and its voice 
which desires development of the ceramic tool which has the high performance which is equal to a CBN tool is high in especially 
high-speed-cutting processing. 

[0003] With the technology which the various attempts for improving the abrasion resistance and deficit-proof nature of a ceramic 
tool, such as an alumina-titanium-carbide system, are made there, and was indicated by JP,4-1 14955.A By calcinating the raw 
material powder which blended detailed powder, such as a zirconium oxide, with the detailed powder of an alumina, the 
technology of improving abrasion resistance is indicated by preparing the covering film which is aiming at improvement in 
intensity and toughness, and becomes JP,4-289002,A and JP,5-69205,A from the carbide of the alloy of an alumina, a titanium 
carbide, titanium, and aluminum etc. on the front face of a ceramic base material. Although those cutting tools are excellent in 
performances, such as abrasion resistance, compared with the conventional ceramic tool, a CBN tool is not attained to especially 
in high speed cutting, but cutting in high speed is expected development of an usable ceramic tool. 
[0004] 

[Problem(s) to be Solved by the Invention] this invention solves the above-mentioned trouble and makes it a technical problem to 
offer the ceramic tool for cutting which can be used for cutting of high degree-of-hardness material in high-speed-cutting 
processing which is equal to the cutting conditions of a CBN tool. 
[0005] 

[Means for Solving the Problem] The ceramic tool for high degree-of-hardness material cutting of **** 1 invention In the 
ceramic tool for cutting which consists of a sintered compact which mixes and comes to calcinate a sintering raw material and a 
sintering acid, and a covering film of at least one layer formed in the above-mentioned sintering body surface The mean particle 
diameter of all the components that constitute the above-mentioned sintered compact is 1 micrometer or less, the 
above-mentioned sintering raw material When the whole quantity is made into 100 % of the weight, it is 90 - 50% of the weight 
of aluminum 203 . Component powder, It consists of one or more sorts of powder of the carbide of 1 0 - 50% of the weight of IVa, 
Va, and a Via group element, a nitride, and a charcoal nitride, the above-mentioned sintering acid It is 0.2 - 5.0 % of the weight to 
the 100 % of the weight of the above-mentioned sintering raw materials, moreover, the above-mentioned covering film The 
carbide of IVa, Va, and a Via group element, a nitride, a charcoal nitride, and aluminum 203 Or it is characterized by consisting 
of AlON, and for the thickness of each class being 2 micrometers or less, and total thickness being 0.2-10 micrometers. 
[0006] The 2nd invention is characterized by for the mean particle diameter of all the components that constitute the 
above-mentioned sintered compact being 0.7 micrometers or less, and the thickness of each class of the above-mentioned 
covering film being 1 micrometer or less, moreover, the 3rd invention Above aluminum 203 Component powder is 95 - 50% of 
the weight of aluminum 203, when the whole quantity is made into 100 % of the weight. Powder and 5 - 50% of the weight of 
Zr02 It is characterized by the bird clapper from powder. Furthermore, the 4th invention is characterized by being a layer with a 
thickness of 1 micrometer or less which the above-mentioned covering film becomes from two or more layers, and an innermost 
layer becomes from aluminum 203 or AlON, and being a layer with a thickness of 0.5 micrometers or less which an outermost 
layer of drum becomes from TiN, and the ceramic tool of the 5th invention is characterized by the amount of average flank wear 
measured according to the specific test condition indicated to the claim 5 being 0.2mm or less. 

[0007] The above "a sintering raw material" consists of the "aluminum203 component powder" and "one or more sorts of powder 
of the carbide of IVa, Va, and a Via group element, a nitride, and a charcoal nitride" (henceforth "powder, such as a titanium 
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carbide,") which are principal components. As "powder, such as a titanium carbide,", the powder of the carbide of Via group 
elements, such as Va group elements, such as IVa group elements, such as titanium and a zirconium, vanadium, and a tantalum, 
and chromium, and a tungsten, a nitride, and a charcoal nitride can be used, and, specifically, powder, such as a titanium carbide, 
a titanium nitride, a tantalum carbide, and a tungsten carbide, is mentioned. Powder, such as these titanium carbides, may use one 
kind, and may use two or more sorts together. 

[0008] When the whole quantity of a sintering raw material is made into 100 % of the weight, the mixed rate of each 
above-mentioned component is "aluminum203 component powder is 90 - 50 % of the weight", and is "powder, such as a 
titanium carbide, is 10 - 50 % of the weight." aluminum 203 The mean particle diameter of all the components from which the 
rate of component powder constitutes a sintered compact exceeding 90 % of the weight when high becomes large exceeding 1 
micrometer, and anti-**** which is the index of toughness declines. Moreover, less than 50 % of the weight is not enough as 
precise-izing of a sintered compact, relative density becomes small, and anti-**** is also aluminum 203. It falls further from the 
case where component powder exceeds 90 % of the weight. Moreover, the above aluminum 203 Component powder is Zr02 
even about the amount of halves. By transposing to powder, it is aluminum 203. Growth of a particle is suppressed, and if it is the 
combination which other component and its amount approximated, the degree of hardness and anti-**** of a sintered compact 
can be raised further. However, the amount of halves is exceeded and it is Zr02. When it transposes to powder, since the 
mechanical strength of sintered compacts, such as anti-****, falls, it is not desirable. 

[0009] As the above "a sintering acid", a magnesium oxide, a calcium oxide, oxidization silicon, nickel oxide, a chrome oxide, an 
oxidization dysprosium, a yttrium oxide, etc. are mentioned, and it can be used, without restricting especially these. Especially a 
magnesium oxide is [ an effect which inhibits the crystal growth of an alumina ] and is desirable. In this invention, a sintering acid 
is used 0.2 to 5.0% of the weight to 100 % of the weight of sintering raw materials. When the amount of the sintering acid used is 
less than 0.2 % of the weight, while precise-izing of a sintered compact is not enough and relative density falls greatly, a degree of 
hardness and anti-**** also decline gready. Moreover, exceeding 5.0 % of the weight, when many, the mean particle diameter of 
all the components that form a sintered compact becomes large, and it becomes that in which anti-**** etc. declined and 
toughness was inferior. Especially the amount of the sintering acid used has 0.5-1 .5% of the weight of a desirable range, and if it 
is this range, it will become that in which a degree of hardness, anti-****, etc. were more excellent, in addition, the range whose 
particle size is 0.3-1 .2 micrometers in this invention although all the particles that constitute a sintered compact have a more 
detailed desirable thing - a mean particle diameter - a thing 1 .0 micrometers or less - a mean particle diameter can use 
particle size ] a thing 0.7 micrometers or less by 0.3-1 .0 micrometers preferably especially 

[0010] aluminum 203 besides the carbide of the IVa same as a raw material which forms the above "a covering film" as the 
component which constitutes the above-mentioned sintered compact, Va, and a Via group element, a nitride, and a charcoal 
nitride, and AlON are mentioned, these are excellent in compatibility with a sintered compact, and a covering film does not 
exfoliate from a sintering body surface, and a degree of hardness is high, and since it excels in abrasion resistance etc., it is 
desirable. Although there should just be at least one layer of covering films, it is desirable that 2 micrometers or less of thickness 
of each class are especially 1 micrometer or less, and it is what total thickness becomes from two or more layers 0.2-10 
micrometers or less, and when the thickness of each class was the above thin layers and it is used for high-speed cutting, a 
covering film does not exfoliate, moreover, an innermost layer - aluminum 203 with a thickness of 1 micrometer or less or ~ if 
an AlON layer and an outermost layer of drum form the covering film which consists of a titanium-nitride layer with a thickness of 
0.5 micrometers or less - aluminum 203 While excelling in compatibility with the sintered compact made into a subject, surface 
hardness is very high, and the ceramic tool which has a front face without a grain-boundary glass phase is obtained, and it is more 
desirable. 
[0011] 

[Function] When cutting high degree-of-hardness material, such as a carburization hardened steel and a die steel, and carrying out 
cutting especially at high speed, it becomes the elevated temperature of 1000 degrees C or more partially. Therefore, since the 
rapid fall of a degree of hardness, intensity, etc. takes place in the usual ceramic tool, and intense wear is produced or a loss is 
suffered depending on the case, a tool life is short. In this invention, by combining the sintering acid of the amount of specification 
with a specific sintering raw material, 1 micrometer or less of mean particle diameters of the component particle of most which 
constitutes an organization can be preferably set to 0.7 micrometers, and an alumina system sintered compact with very high 
degree of hardness and intensity can be obtained. Moreover, when the thickness of each class forms preferably 2 micrometers or 
less of covering films 1 micrometer or less of at least one layer in the front face of this sintered compact, it excels in the adhesion 
to a base material, and can consider as a ceramic suitable as an object for the cutting tools of the high degree-of-hardness material 
which has large covering films, such as a degree of hardness and intensity. Furthermore, when exposed to an elevated temperature 
in the above high speed cutting, even if a high degree of hardness and high intensity are maintained and the cutting tool which 
used the ceramic which consists of the sintered compact and covering film of this invention is the above cutting speed by 
150mm/which is the cutting-speed region of a CBN tool, it is usable enough. 
[0012] 

[Example] Hereafter, an example and the example of comparison explain this invention concretely. 
(1) Manufacture ** altiminum 203 of a sintered compact Component: aluminum 203 of 0.5 micrometers of mean particle 
diameters Zr02 of powder and 0.5 micrometers of mean particle diameters TiC of 1 micrometer of mean particle diameters, such 
as powder and a ** titanium carbide, TiCN, TaC, WC powder, a ** sintering acid: MgO of 0.2 micrometers of mean particle 
diameters, Y203 of 0.9 micrometers of mean particle diameters, and Dy203 Powder and each above component. It mixed at a 
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rate shown in Table 1 (operation article) and 2 (comparison article), and after strong- grinding by attritor, the hotpress was carried 
out at pressure 200 kg/cm2 and the temperature of 1700-1800 degrees C. The grinding process of the obtained sintered compact 
was carried out to the predetermined configuration, and the chip for a cutting test was produced (the operation article 2, 4, 5, and 
7 is used). Moreover, the mean particle diameter of a sintered compact, relative density, a degree of hardness (measuring method : 
Vickers hardness and load 10 Kgf), and anti-**** (measuring method : HSR- 1601 conformity) were measured by the piece of a 
trial started from the above-mentioned sintered compact. Those results are shown in Tables 1 and 2 (each inside hyperventilation 
of ** expresses the above-mentioned degree of hardness), in addition, the table 2 ~ setting - * ~ numerical limitation - a thing 
out of range is expressed 
[0013] 
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[0014] 
Table 2] 
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[0015] As for the sintered compact used for the ceramic tool of this invention, according to the result of Table 1, it turns out that 
all are 1 micrometer or less and relative density is [ a degree of hardness and anti-**** ] excellent for the mean particle diameter 
of all the components at 99 % of the weight or more and the high top. When especially the amount of the sintering acid used is 1 
% of the weight, compared with the case where the amount used is 2 % of the weight or more, it excels further, according to the 



3 of 5 



6/1/03 10:15 PM 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eJje 



result of Table 2 on the other hand - aluminum 203 or the case (comparison article 3) where the mean particle diameter of all the 
components of a sintered compact exceeds 1 micrometer, and a degree of hardness and anti-**** are inferior, and MgO is under a 
minimum when MgO exceeds an upper limit (comparison article 1 and 4) - relative density, a degree of hardness, and anti-**** 
- any - although - it turns out that it is falling greatly Also in the case of others, a degree of hardness and anti-**** decline, and 
no comparison articles can be used as a sintered compact for obtaining the ceramic tool of this invention. 
[0016] (2) The manufacture above of a ceramic tool (1) The covering film shown in Tables 3 (example) and 4 (example of 
comparison) was formed in the produced chip front face for a cutting test by well-known C VD or well-known PVD, and the 
cutting test was carried out on the following conditions. 

** **-ed material: - SCN415 carburizing material (Hv=850-700 Kg/mm2) ** chip configuration: - TNGN332 ** 
cutting-speed: — after having ** sent by 200m/, :0.1 mm/rev** cutting deeply and cutting **-ed material for 30 minutes on the 
:0.3mm** chamfer:0.2mmx-25-degree above-mentioned conditions, the amount of average flank wear (the amount of VB wear) 
was measured Those results are shown in Tables 3 and 4. in addition, the table 4 - setting ~ * ~ numerical limitation - a thing 
out of range is expressed 
[0017] 
[Table 3] 
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[0018] 
[Table 4 ] 
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[0019] According to the result of Table 3, a covering film does not exfoliate [ in / the high speed cutting of high 
degree-of-hardness material / each ], and the ceramic tool of this invention is VB. It turns out that the amount of wear is small. 
Moreover, it is aluminum 203 with a thickness of 0.7 micrometers to an innermost layer. Especially when the case of the 
covering film which used TiN with a thickness of 0.2 micrometers for the outermost layer of drum, and a covering film are TiC(s), 
it turns out that it excels in abrasion resistance. Each thing (example 3 of comparison) to which the thing (example 2 of 
comparison) and the thickness of one layer in which the total thickness of a covering film exceeded the thing (example 1 of 
comparison) of under a minimum and the upper limit exceeded the upper limit on the other hand according to the result of Table 4 
is VB. The amount of wear is about twice, and ablation of a covering film is also produced in the examples 2 and 3 of 
comparison, and a surface-of-separation product is especially large in the example 2 of In addition, in the commercial elegance 
which carried out the cutting test similarly as an example 4 of comparison for reference, it turns out that there are still more 
amounts of wear, and they produce not only ablation but breakage of a chip, and are inferior to the example of comparison in this 
invention in a performance remarkably compared with the ceramic tool of this invention. 
[0020] 

[Effect of the Invention] The mean particle diameter of the constituent particle of a ceramic main part is a specific minute particle, 
and since it has the covering film of specific thickness, the outstanding degree of hardness and intensity are maintained, and the 
ceramic tool for high degree-of-hardness material cutting of this invention can be used as substitution of a CBN tool, when it 
excels in a degree of hardness and intensity and cutting of the high degree-of-hardness material, such as a carburization hardened 
steel and a die steel, is carried out at high speed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The sintered compact which mixes and comes to calcinate a sintering raw material and a sintering acid. The covering 
film of at least one layer formed in the above-mentioned sintering body surface. It is the ceramic tool for high degree-of-hardness 
material cutting equipped with the above, and the mean particle diameter of all the components that constitute the 
above-mentioned sintered compact is 1 micrometer or less, the above-mentioned sintering raw materia] When the whole quantity 
is made into 100 % of the weight, it is 90 - 50% of the weight of aluminum 203. Component powder, It consists of one or more 
sorts of powder of the carbide of 10 - 50% of the weight of IVa, Va, and a Via group element, a nitride, and a charcoal nitride, the 
above-mentioned sintering acid It is 0.2 - 5.0 % of the weight to the 1 00 % of the weight of the above-mentioned sintering raw 
materials, moreover, the above-mentioned covering film The carbide of IVa, Va, and a Via group element, a nitride, a charcoal 
nitride, and aluminum 203 Or it is characterized by consisting of AlON, and for the thickness of each class being 2 micrometers 
or less, and total thickness being 0.2-10 micrometers. 

[Claim 2] The ceramic tool for high degree-of-hardness material cutting according to claim 1 characterized by for the mean 
particle diameter of all the components that constitute the above-mentioned sintered compact being 0.7 micrometers or less, and 
the thickness of each class of the above-mentioned covering film being 1 micrometer or less. 

[Claim 3] Above aluminum 203 Component powder is 95 - 50% of the weight of aluminum 203, when the whole quantity is 
made into 100 % of the weight. Powder and 5 - 50% of the weight of Zr02 Ceramic tool for high degree-of-hardness material 
cutting according to claim 1 or 2 characterized by the bird clapper from powder. 

[Claim 4] The above-mentioned covering film consists of two or more layers, and an innermost layer is aluminum 203. Or 
ceramic tool for high degree-of-hardness material cutting according to claim 1, 2, or 3 characterized by being a layer with a 
thickness of 1 micrometer or less it is thin from AlON, and being a layer with a thickness of 0.5 micrometers or less which an 
outermost layer of drum becomes from TiN. 

[Claim 5] The ceramic tool for high degree-of-hardness material cutting according to claim 1 , 2, 3, or 4 characterized by the 
amount of average flank wear by the following test condition being 0.2mm or less, test condition [ of the amount of flank wear ]: 
- **-ed material; - a part for SCN415 carburizing material (Hv=700-850 Kg/mm2) and cutting-speed;250m/- sending ~;0.1 
mm/rev - cutting deeply -;0.3mm and chamfer;0.2mmx-25 degree 
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(54) CERAMIC TOOL FOR CUTTING VERY HARD MATERIAL 

(57)Abstract: 

PURPOSE: To improve the abrasion resistance against a very hard material when the material is 
cut and worked at high speed, and to restrict peeling of a coating film by specifying the average 
particle size of the composition particle of a ceramic main body, and by specifying the thickness 
of the coating film. 

CONSTITUTION: A ceramic tool comprises a sintered body, for which a sintered material and a 
sintering assistant are mixed together and sintered, and at least one layer coating film to be 
formed on the surface of the sintered body. The average particle size of the overall composition 
forming the sintered body is no more than 1jj.m, and the sintered material comprises 90-50wt.% 
of powder of AI203 composition and 10-50wt.% of at least one type of powder of carbide, nitride 
or carbonitride of elements belonging to IVa, Va, and Via groups, where the overall amount is 
considered to be 100wt.%. The amount of the sintering assistant is 0.2-5.0wt.% to 100wt.% of 
sintered material, while the coating film comprises carbide, nitride, carbonitride of elements 
belonging to IVa, Va, Via groups. AI203 or AION, and each layer is no more than 2jim in 
thickness, and the entire thickness is 0.2-20um. 
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